This paper attempts to find the underlying structure of the AH 4 test of intelligence of a random sample of students drawn from the norm study of the test. However, initial attempts using LISREL to fit a model to the correlation matrix of the eleven subtest scores of the AH 4 revealed the heterogeneity of the sample, in fact, of the cohort used. Models were then fitted on two identified groups based on the home-language environment: the "English-speaking" group and the "Chinese-speaking" group. These models were used to study the similarities and differences in the factor structure of the test for the two groups. Essentially in both groups, three factorsnumerical, verbal and spatial -were found. Nonetheless, the pattern of loadings on the verbal factor was quite different for the two groups.
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The AH 4 test of general intelligence (Heim, 1970 ) is a group intelligence test intended for adults and children above 10 years of age. The aim of this project was originally to find the underlying structure of the AH 4 test of intelligence of random sample of students drawn from the norm study.
However, initial attempts to fit a model to the correlation matrix of 11 subtest scores of the AH 4 test revealed the heterogeneity of the sample, in fact, of the cohort used. Thus, the study concentrated in 1 Paper presented at the 53rd Annual Convention of the International Council of Psychologists, Taipei, Taiwan, August 4 -8, 1995. comparing the two identified groups from different home-language speaking background within the cohort on the AH 4 test. The similarities and differences in the factor structure of the test for the two groups were studied.
Some studies in the United States have considered home language environment as predictors of intelligence. Using the data from the National Longitudinal Survey of Youth, Luster and Dubow (1992) studied the effect of home environment on performance on the Peabody Picture Vocabulary Test. Wilen and Sweeting (1986) focused on the importance of language and academic evaluations in the psycheducational assessment of limited English proficient Hispanic students in the American school.
Studies conducted in other countries included those done by Ferdman and Hakuta (1985) and Odebunmi (1980) . Ferdman and Hakuta concentrated on bilingualism and intelligence in Puerto Rican children. The relationships they found between demographic characteristics and language used in the home highlighted the importance of studying the social environment under which bilingualism developed .
Odebunmi identified environmental factors, language and the home as some of the influences on the growth and development of intelligence among Nigerian children. Although this study would not be able to consider the influence of the home language environment on the intelligence of children, the findings of the study would have implications on how intelligence tests can be used for selection purposes in Singapore.
Data Source and Instrument
The data for this study have been randomly selected from the data tape of 4588 records of a norm study of the AH 4 carried out on Grade 7 Express Stream students in Singapore. Secondary education in Singapore is divided into the Express Stream (4 years) and the Normal Stream (5 years). The Express Stream consists of students in the top 40% of their cohort. As the norm study used a stratified sampling design, the subjects for this study could be considered as a fairly random sample of the Grade 7 cohort of students.
The AH 4 test stresses largely deductive reasoning. The examinee is also required to observe details accurate} y, to know the meanings of everyday words and to follow instructions exact! y. Part 1 of the test has 65 verbal/numerical items of verbal opposites, analogies and synonyms, and numerical directions, series and computations. Part 2 consists of 65 items with a diagrammatic stress on analogies, similarities, subtractions, series and superimpositions. The variables for this study are 11 subtest scores Vl-V3, Nl-N3 and Sl-S5 (See Table 1 ).
Analysis and Findings
The data for the study consisted of item responses of 120 male and 130 female subjects. The responses were scored and summed to 11 subtest scores (the variables of the study) using the SAS DAT A step statements using SAS Version 5 (SAS Institute Inc., 1985) .
The analyses to explore the underlying structure of the AH 4 test of intelligence were performed within the LISREL framework developed by Joreskog and Sorbom (Joreskog, 1969; Joreskog & Sorbom, 1979 , 1984 . In the LISREL framework, one can specify 8 matrices, four for the measurement model and four for the structural model.
As only first-order factor models are considered in this study, there is a need to specify three matrices. The Lambda X (LX) matrix contains the path coefficients between the latent factors and the measured variables (corresponding in Ml to the factor loadings of the subtest scores on the hypothesized factors). The Phi (PH) matrix comprises the path coefficients between the latent factors (i.e. the correlation coefficients of the factors). The Theta Delta matrix (TD) contains the uniqueness of each measured variable, i.e., the proportion of the variance not accounted for by the common factors. In line with the general approach to LISREL analysis developed by Joreskog, only the zero elements of the factor matrix were specified in this study. The unspecified parameters (marked x) were estimated by the maximum likelihood method.
The basic model (Ml), a first-order factor model with two factors, a numerical-verbal (Nu/Ve) and a spatial factor (Sp) was developed for the whole sample (N =250) . The LX matrix contained the hypothesized structure of the loadings of the 11 variables on the two first-order factors (see Table 1 ).
Eleven parameters were set free to be estimated by LISREL. All the parameters in the PH matrix were set free for estimation, since the two factors correlated with each other. All the uniqueness components of the 11 variables (the diagonal elements of the TD matrix) were also set free to be estimated by the model.
Insert Table 1 about here As shown in table 2, Ml with two factors, a numerical-verbal (Nu/Ve) and a spatial factor (Sp) could not fit the data (x 2 of 128.47 and 41 df, p < 01). An examination of the intercorrelation matrix of the 11 variables revealed that the verbal/numerical and spatial subtests had negative inter-correlations with each other.
As cognitive variables do not usually correlate negatively with each other it was suspected that the sample, in fact, the cohort as a whole, could consist of heterogenous groups.
Although all the students in the Grade 7 cohort were studying in English-medium schools i.e., English was used as the language of instruction for all the subjects except for the second language, the proficiency of the students in English in secondary schools in Singapore varied widely (Lim, 1982) .
Schools in which the majority of the students came from English-speaking home environments had from 75% to 95% passes in English language examinations, whereas schools in which a majority of the students came from Chinese speaking homes had from 40% to 50% passes in these examinations.
Insert Table 2 about here The 22 schools that participated in the norm study were closely studied and based on the characteristics of the schools known to the author from a study on the effect of peer pressure on language learning (Lim, 1982) , it was decided to group students according to their home language and socioeconomic background. The "English-speaking" (E-S) group was mainly from English-speaking homes with professional parents and a higher socio-economic background, while the "Chinese-speaking" (C-S) group was mainly from Chinese-speaking homes and a lower socio-economic background. The correlation coefficients of the variables of the intercorrelation matrices of each of the groups were found to be mainly positive.
Different hypothesized models were used to fit the inter-correlation matrix of the E-S group. The measures of goodness of fit of the models are presented in Table 2 . The model, M2, postulated (as in Ml) that the verbal/numerical tests would load on one factor and the spatial tests on the other (see Table   1 ). This simple M2 model with a significant x 2 (61.80, 43 df, p < .05) showed that two factors did not appear to fit the data (see Table 2 ). The model was thus rejected.
Next a three-factor model, M3 (shown in Table 1 ) with verbal numerical and spatial tests loading on three separate factors, was tried out. The x 2 of 58.55, 41 df with p < .01 , suggested that a better fit of the model might be found (see Table 2 ) . A closer examination of the verbal subtests in the AH.i showed that variables Vl and V3 were testing essentially a knowledge of vocabulary i.e., opposites and synonyms, while variable V2 was testing verbal analogies. One possible hypothesis is that this variable might be measuring something in common with numerical series (Variable N2), while variables Vl and V3 would load on a vocabulary factor. This model had a somewhat better fit of the data with a x 2 of 51.20 based on 41 degrees of freedom (p > .05). The ratio of x 2 to degrees of freedom was 1.248. The structure of M4 can be seen in Table 3 (see below) . As M4 fitted the data of the English-speaking group, it was decided to fit the structure of M4 across the data of both the E-S and C-S groups. The resulting model, (MS) was fitted to the data of both groups without additional cross-group constraints, i.e. , the same starting values and same pattern of fixed and free values were set up for the two matrices . As expected, MS did not fit the data of the two groups, the x 2 being 111.30 based on 82 degrees if freedom and p < 0 .05 (see Table 2 ) .
Since the C-S group was not proficient in English language despite being in schools where English was used as the medium of instruction, it was suspected that the pattern of loadings on the numerical/relational (Nu/Re) factor and the vocabulary factor (Vo) for this group might be different from that of the E-S group.
After trying out a few patterns of paths to the 2 factors for the C-S group a fairly satisfactory model for the two groups, M6, was found (x 2 of 98.4, 80 df and p > .05). The TD and PH matrices have still the same pattern of starting values and same pattern of free and fixed values for the 2 groups, but the LX matrix has different patterns for some of the verbal variables. Equality constraints were set up for the other variables in the LX matrix such as the numerical and spatial variables. The standardized solutions for the LX matrices and PH for the E-S and C-S groups are shown in Table in Tables 3 and   4 respectively.
Insert Table 3 about here   Insert Table 4 about here As suspected, the differences lay in the verbal variables. For the C-S group , the verbal subtests were not tapping verbal skills since some of the subjects in the group might not fully understand the items. This factor ("Ve") was thus not interpretable as the subjects in the C-S group that took the tests might not have sufficient proficiency in English to understand all the items. In addition, the AH 4 is a highly speeded test with 65 questions in the verbal/numerical section to be answered in 10 minutes . This would serve to confound the situation further. The path patterns on the spatial variables (S 1-S5) in the LX matrices indicated that the two groups showed a similar underlying structure in their spatial ability .
Conclusion
Using LISREL to fit models to two groups of students in two different home language-speaking environments have shown that the pattern of loadings on the verbal factor was different for the two groups. One implication of this finding is that intelligence tests with a verbal content might not be suitable for Singapore students as students from English-speaking homes will have more advantages. This is in concurrence with studies such as Luster and Dubow (1992) and Odebunmi (1980) which focused on the importance of home language environment in intelligence testing . Nonverbal tests of intelligence will have to be used for selection purposes in Singapore. This finding is important as intelligence tests are used in Singapore to identify students for specialized projects such as the Gifted Project.
The other implication is the need to improve the English proficiency of students who come from Chinese speaking homes. One finding from the peer pressure study (Lim 1982) showed that these students did not even speak English to each other outside the classrooms as they were uncomfortable with the language. There is a need to increase these students' exposure to more language lessons. They must be encouraged to interact with each other in English so as to increase their proficiency in English. 
